As an efficient and environmental-friendly way to exploit the power of tides in the coast zone, dynamic tidal power (DTP) system interests the researchers around the world. While it is known that the Yellow Sea and Bohai Sea along Chinese coastline store a notable amount of dynamic tidal power, the construction of DTP dams in this area has been studied. Based on previous researches, combinations and collaborations of double and triple dynamic tidal power dams are investigated. The efficiency of each dam may fluctuate slightly when two or three dams work together and the entire system may work well especially with the presence of the dam at the cape of Liaoning Peninsula.
Introduction
As a seemingly inexhaustible source of clean energy, tidal power may be drawn mainly with three different methods. The first one is constructing a barrage across an estuary or the mouth of a bay to form a basin, which may have very important ecological and environment impact such as damages to local estuary ecosystem and abnormal sediment deposition. The second one is installing relatively small devices (fixed or floating) in open water to extract kinetic power from the currents, which is known as inefficient. The third and most popular method is making use of dynamic tidal power (DTP) by constructing a tidal dam perpendicular to the coastline.
The concept of DTP was firstly presented by Hulsbergen et al. [1] by creating a long dam-like structure perpendicular to the coastline with an option for a coast-parallel branch barrier at the far end forming a large "T" shape. The DTP dam would interfere with local tidal dynamics and lead to water level differences on both sides of the dam which may provide considerable water head over the dam. With the early work of the researchers like Hulsbergen [1] , Adema and Hartsuiker [2] etc, it is known that the DTP dams may be located where the form of the coastline is prominent in order to obtain a good efficiency. For the sites of the DTP dams along Chinese coastline, the ideal ones include those in the Yellow sea, the Taiwan Strait and Qiongzhou Strait. In the area of the Yellow sea, the capes or forelands of Liaoning Peninsula and Shandong Peninsula present the two locations which attract more interests since they protrude into the sea around Bohai Bay (can be seen from Figure 1 ) and store very large DTP potential. Moving a little more southerly, the prominent part of northern Jiangsu Coast may also present an ideal location of the DTP dams [2] . As an area where concentrate several potential DTP sites, combinations or collaborative constructions of DTP dams may become possible. Following the initiative of Hulsbergen et al. [1] considering twin-DTP dams along Korean Peninsula, investigations are carried out in this manuscript for double-DTP dams and triple-DTP dams along Chinese coastline of the Yellow sea situated at three attractive locations (cape of Liaoning Peninsula, cape of Shandong Peninsula and the prominent part of northern Jiangsu coast). Effects of single, double and triple DTP dams are also compared.
Numerical Model
As the water depth of the Yellow sea and Bohai sea is small comparing with the horizontal scale in this study, a two dimensional tidal model ADCIRC [3] is applied. The governing equations include the primitive continuity equation The investigation area is a little larger than that of Hulsbergen et al. [1] for the Yellow sea. The land boundary is controlled by the wetting and drying parameters while the ocean boundary is defined by the tidal components. Thirteen short-period constituents are applied to define the open boundary including the principal lunar, principal solar, lunar solar, elliptical solar, elliptical lunar constituents and they are derived from the satellite altimeter data (Matsumoto et al. 2000 [4] ) and the application of the components to the numerical simulation is feasible. The numerical model established is validated with the tidal data records from three stations on the Chinese coastline of the Yellow Sea. The simulation period is from the 25 th Oct. 2015 to the 30 th Oct. 2015. Following the results of the research of Hulsbergen et al. [1] , the length of the stem of the T-form DTP dams is fixed at 50km and the length of the bar is 0.75 times that of the stem. The positions of the DTP dams and the water level recording locations on both sides of the dams are shown in Figure 1 . Figure 3 for each dam which gives the water level differences at every moment. It can be seen that the tidal waves take some time to travel across the DTP dams as what the theory of dynamic tidal power predict, which leads to the phase differences revealed in Figure 3 . To examine the collaboration efficiency of the DTP dams, that is to say, whether the combination of two or three DTP dams may reach the addition of their single efficiency, three different double DTP dams (at positions AB, AC and BC) are tested together with a triple DTP dams (at all three positions ABC) during the same period (from the 25 th Oct. 2015 to the 30 th Oct. 2015) with the same boundary conditions. The water levels measured on both sides of the dams are illustrated in Figure 4 and Figure 5 . It is revealed that the water level differences across the DTP dams vary while they collaborate (i.e., existence of two or three dams in the same time). The water level differences of each DTP dams are listed in Table 1 for all the cases (three single-dams, three different double-dams and a triple-dam) in comparisons with the predictions of two analytical models. The results of the analytical models are calculated with the simulated velocities recorded at the three DTP dam positions (A, B and C) within the investigation area where there is no dam. The tendencies of the changing water level differences of each dam are illustrated in Figure 5 . It is observed that with the presence of dam B, the Δh max of dam A may be reduced whereas the existence of dam C may improve the efficiency of dam A. In return, the presence of dam A also has some negative effects on the Δh max of dam B while the dam C may always have positive effects. Explications of these facts may be complex owing to the serpentine coastline and the complex bathymetry. For dam C at the cape of Liaoning Peninsula, the existence of the two other dams increases its efficiency. In addition, since the possible negative effects on dam A or B are only about 5% of their total efficiency, the DTP dams may work well in double and in triple and the presence of the dam at the cape of Liaoning Peninsula may improve the efficiency. 
Conclusion
The numerical investigations of the collaborations of double DTP dams and triple DTP dams at three positions along the Chinese coastline in the Yellow Sea and Bohai Sea demonstrate that the double and triple may work efficiently. In some cases, while a certain dam within the double or triple cannot reach its maximum single water level difference, the slight reduction may be compensated by the gain of another dam. As an embryo research of the combinations of DTP dams, the changing length of the collaborating dams has not yet been considered, which may surely have some effects on the efficiency of the system. For engineering projects of this kind, large amounts of numerical tests need to be carried out on the basis of the complex coastline and bathymetry.
